Background: This meta-analysis compared radiotherapy (RT) versus concurrent chemoradiotherapy (RT+CT) in treating patients with inoperable stage III non-small-cell lung cancer (NSCLC).
Introduction
Non-small-cell lung cancer (NSCLC) represents greater than 80% of all lung tumors with about one-third of patients presenting with locally advanced stage III tumors that are not amenable to surgery. [1] [2] [3] For these patients post-surgical outcomes are poor. [4] [5] [6] [7] [8] The 5-year survival rate of surgical patients is highly variable, and surgery is associated with substantial morbidity and mortality.
Most patients who present with inoperable locally advanced NSCLC receive palliative care. The goals of treatment are to relieve pain and other symptoms and to improve or maintain the quality of life. [9] Until the 1990's radiotherapy alone was the standard treatment for patients with inoperable NSCLC, however the 5-year survival rate was poor (under 10%). [10] [11] [12] Over the last two decades, a number of studies have demonstrated that chemotherapy and radiotherapy can prolong survival and are recommended as treatment for locally advanced disease. [5, 10, [13] [14] [15] The combination of radiotherapy plus platinum-based chemotherapy for locally advanced NSCLC shows survival benefit compared with radiation therapy alone, and is considered the current standard of care. [4] [5] [6] [7] [8] The median survival time for the combined therapy ranges from 12 to 14 months while radiation alone ranges from 9 to 12 months. [4] [5] [6] [7] [8] The combination of radio-and chemotherapy have been recommended by guidelines for treating locally advanced disease. [16] The idea is that chemotherapy will reduce the risk of distant metastasis and radiotherapy will maintain loco-regional control. [17] The chemotherapeutic drug may also increase radio-sensitivity and increase the effectiveness of the radiation treatment. [18] Editor: Yuxuan Liu.
Combined chemotherapy and radiation therapy can be given concurrently or sequentially. While concurrent therapy is associated with higher toxicity, particularly acute esophageal toxicity, [16, 19] several studies and meta-analyses indicate that concurrent therapy is superior to sequential therapy in treating this disease. [15, 20, 21] The use of chemoradiotherapy requires the total absence of negative clinical prognostic factors, including poor performance status and weight loss. [22] Although a number of clinical studies have compared chemoradiotherapy with radiation or chemotherapy alone, [13] [14] [15] the role of chemoradiation therapy in patients with inoperable or unresectable stage III disease and who have a poor prognosis is not uniformly agreed upon. The purpose of this study is to evaluate whether the combination of radiotherapy and chemotherapy results in longer survival than radiotherapy alone in patients with inoperable or unresectable stage III NSCLC.
Methods

Search strategy
This study was performed in accordance with the PRISMA guidelines. Medline, Cochrane, EMBASE, Google Scholar databases were searched until July 128, 2018 using the following search terms: non-small cell lung cancer, advanced cancer, incurable/inoperable/unresectable, chemotherapy, radiotherapy, chemoradiotherapy/chemoradiation. Ethical approval and informed consent were not necessary as the meta-analyses did not involve human subjects and does not require internal review board review and approval. Randomized controlled trials (RCTs) that compared combined chemoradiotherapy (RT+CT) with radiotherapy (RT) alone in patients with histologically confirmed, locally advanced (stage III) nonresectable NSCLC were include. Cohort study; letters, comments, editorials, case report; proceeding, and personal communications were excluded. Studies that evaluated two types of chemotherapy (e.g., etoposide plus cisplatin or irinotecan plus cisplatin, docetaxel and cisplatin vs MVP, cisplatin/etoposide vs paclitaxel/carboplatin) were excluded. Also excluded were studies designed to compare dose and sequence of RT (e.g., sequential vs concurrent), or did not report quantitatively outcomes of interest. The list of prospective studies was reviewed by 2 independent reviewers, and where there was uncertainty regarding eligibility, a third reviewer was consulted. This study was approved by the Chang Gung Medical Foundation Institutional Review Board (IRB No. 201900509B0).
Data extraction and quality assessment
The following information/data were extracted from the studies that met the inclusion/exclusion criteria: the name of the first author, year of publication, study design, number of participants in each treatment group, age and gender, cancer type, primary, secondary outcomes, and time of follow-up.
The Cochrane Risk of Bias Tool was used to assess the included studies. [23] The quality assessment was performed by 2 independent reviewers, and a third reviewer was consulted to adjudicate any uncertainties.
Outcome measures
The primary outcome for this meta-analysis was the hazard ratio (HR) for overall survival (OS). The secondary outcomes were the HR of progression-free survival (PFS) and odds ratio (OR) of objective response rate (ORR). The additional OS rate and PFS rate at 1 and 2 years after treatment were also extracted from the reports.
Statistical analysis
The study characteristics are summarized according to the number of patients, mean age, % of males, and % of disease stage for patients receiving RT alone or RT+CT treatment. The clinical outcomes, OS rate, PFS rate, and ORR are presented as (%) for the given follow-up time points. Furthermore, the HR with corresponding 95% confidence intervals (95% CI) of RT+CT treatment compared to that of RT alone in OS times and PFS times are also presented for each of the studies.
For the major effect size, the HR of the OS time and PFS time and the HR with 95% CI was calculated for each individual study and for the studies combined. For the secondary effect size odds ratio, the OR with 95% CI was calculated for dichotomous outcomes, ORR, OS rate, and PFS rate for each individual study and for the studies combined. For data reported as Kaplan-Meier curves, we extracted the survival rates at specific times to reconstruct the estimated HR and its variance, under the assumption that the rate of patients censored was constant during the study follow-up. [24] HR < 1 indicates that CT+RT treatment resulted in longer survival than did combination therapy; HR > 1 indicates that RT alone resulted in longer survival than did the other treatments; and HR = 1 indicated similar survival between RT alone and CT+RT combination therapy. For the other effect size, OR < 1 indicates that CT+RT combination therapy resulted in higher OS, PFS or ORR; OR > 1, indicates that radiotherapy alone resulted in higher OS, PFS or ORR; and OR = 1 indicated that the OS rate, PFS rate, or ORR were similar between RT alone and CT+RT combination therapy. A x 2 -based test of homogeneity was performed, and the inconsistency index (I 2 ) and Q statistics were determined. Fixed-effects models were used unless I 2 was > 50%, in which case a random-effects model was used. The combined effects were calculated, and a 2-sided P value < .05 was considered significance. Sensitivity analysis was prospectively planned for the major outcomes and carried out using the leave-one-out approach to investigate the validity and robustness of the results. This approach involves performing the meta-analysis on subsets of studies in which one study is left out in turn. Publication bias was not assessed because >10 studies are required to detect funnel plot asymmetry. [25] All analyses were performed using Comprehensive Meta-Analysis statistical software, version 2.0 (Biostat, Englewood, NJ).
Results
Of the 1029 studies initially identified, 974 were removed because they were irrelevant (Fig. 1A) . Fifty-five studies were fully reviewed, and 42 of these were eliminated because the study design did not meet the inclusion criteria, did not report outcomes of interest, was a one arm study or recruit patients with NSCLC stage I-II, or full text was not available. Thus, the final cohort included 13 studies.
Quality assessment
Quality assessment indicated a high risk for performance bias and detection bias and a low risk for selection bias, attrition bias, and . Less than half of the included studies performed an intent-to-treat analysis. Overall, these findings suggest the data are of medium to good quality.
Study characteristics
Thirteen RCT studies were included in the systematic review and meta-analysis ( Fig. 1 and Table 1 ). [7, 12, 17, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The 13 studies included a total of 1936 patients with incurable/inoperable stage III NSCLC, of which 975 received RT alone and 961 received RT +CT combination therapy. The average age ranged from 54 to 77 years. Overall, the patient characteristics were similar between the RT alone and RT+CT groups. For most of the included studies, squamous-cell NSCLC was the most common cancer type. The types of radiotherapy and chemoradiotherapy used differed across the studies and are summarized in Table 2 .Clinical outcomes by interventions are summarized in Table S1 , http:// links.lww.com/MD/D84.
3.3. Meta-analysis 3.3.1. Overall survival. All 5 studies were included in the analysis of OS. A fixed-effect model was used, as no heterogeneity was observed among the five studies (Q, 0.917; I 2 , 0%). The meta-analysis indicated that combined chemoradiotherapy reduced the risk of death in patients with stage III NSCLC compared with radiotherapy alone (pooled HR, 0.72; 95% CI, 0.62-0.84; P < .001) ( Fig. 2A) . Furthermore, the pooled data revealed that patients receiving CT+RT combination therapy had a higher OS at 1 and 2 years after treatment compared to those treated with RT alone (1-year: OR, 0.67; 95% CI, 0.54-0.84; P < .001; 2-year: OR, 0.57; 95% CI, 0.45-0.73; P < .001) (Supplementary Fig. S1A ). With stratification of the pooled data for cohort location (North America, Europe, and East Asia), the difference between CT+RT and RT alone remained significant for all subgroups with respect OS and PFS except the 1-and 2-year OS of cohorts from East Asia (Table S2, www.md-journal.com 3.3.2. Progression-free survival. For PFS, 5 studies provided sufficient information for estimating the HRs. A significant heterogeneity was observed among the five studies (Q statistic = 9.597, I 2 = 58.32%) (Fig. 2B) ; therefore, a random-effects model was used. The overall analysis revealed combined chemoradiotherapy provided a significant PFS benefit over radiotherapy alone (pooled HR, 0.73; 95% CI, 0.60-0.89; P = .002) (Fig. 2B) . Furthermore, there were 4 studies with 1-year and three studies with 2-year PFS available. The pooled data also revealed that patients treated with CT+RT combination therapy had a higher PFS at 1 and 2 years after treatment compared to those treated with RT alone (1-year: HR, 0.36; 95% CI, 0.24-0.53; P < .001; 2-year: HR, 0.38; 95% CI, 0.23-0.63; P < .001) ( Supplementary  Fig. S1B , http://links.lww.com/MD/D84).
3.3.3. Objective response rate. Eleven studies provided an ORR (complete response plus partial response) and were included in the meta-analysis. A fixed-effect model was used, as no heterogeneity was observed among the studies (Q statistic, 18.09; I 2 , 44.73%). The meta-analysis showed that patients treated with combined chemoradiotherapy had a higher ORR than did those treated with radiotherapy alone. However, this difference was not statistically significant (pooled OR, 0.88; 95% CI, 0.72-1.08; P = .222) (Fig. 2C) .
Sensitivity analysis
Sensitivity analysis was performed using the leave-one-out approach, in which the analysis was performed repeatedly with each study removed once (Table 3) . The direction and magnitude of combined estimates for OS and PFS did not vary markedly with the removal of any one study, indicating that these findings were robust and the data were not overly influenced by any given study. For ORR, removal of Simpson et al [30] resulted in the difference between treatments becoming significant (P, .041); however removal of all other studies resulted in no change in magnitude or direction of the ORR. Overall, the sensitivity analysis indicates that no one study overly influenced the pooled estimates, demonstrating that the findings are robust.
Overall quality of the meta-analysis findings
According to the GRADE approach, the quality of evidence for this meta-analysis was moderate (GRADE score, 3 points).
Discussion
Patients with locally advanced stage III NSCLC tumors are not amenable to surgery, and the best treatment and optimal management of these patients is not clear. [1, 2] This meta-analysis 66.4% N/A NSCLC = non-small cell lung cancer; RCT = randomized controlled trials; NRCT = non-RCT prospective studies = RT = radiotherapy; CT = chemotherapy. *
Median
Table 2
The protocol of radiotherapy and chemoradiotherapy. 
Gy 61
Crino_ L (1993) Cisplatin 100 mg/m 2 given intravenously over 30 min on day 1 and etoposide120 mg/m 2 given intravenously over 45 min on day 1-2-3.
The daily fractionation was 2000 cGy for a total dose of 5600 to 6000 cGy within 6 weeks 6 years
Simpson JR (1989)
Misonidazole 400 mg/m 2 2-4 h prior to RT daily for 5-6 weeks to a maximum dose of 12 g/m 2 or until tumor progression).
50 Gy large field and 10 Gy boost minimum of 4.0 years or untildeath.
CT = chemotherapy; RT = radiotherapy; iv = intravenous injection; Gy = gray.
Hung et al. Medicine (2019) 98:27 www.md-journal.com compared RT versus concurrent RT+CT in treating patients with stage III NSCLC, and found that RT+CT showed greater benefit for OS, PFS, and ORR (P values .007). Sensitivity analysis indicated the data were robust for OS and PFS, but the study by Simpson et al [30] may have overly influenced the finding for ORR.
Our results support the use of CT+RT compared with radiotherapy alone in treating locally advanced stage III NSCLC. Two prior meta-analyses evaluated the efficacy of radiotherapy alone or combined with chemotherapy in patients with NSCLC. [14, 15] Marino et al [14] included 14 trials comprising 1887 patients that assessed radiotherapy and chemoradiotherapy in patients with unresectable stage IIIa and IIIb NSCLC. In contrast to our study, their study also included trials that evaluated sequential use of radiotherapy and chemotherapy. They evaluated survival at one, two, three, and 5 years. [14] Marino et al found that in patients treated with cisplatin-based therapy plus radiation, the estimated pooled OR of death at 1 and 2 years was 0.76 and 0.70 (ORs of <1 show benefit for the combined therapy compared with radiotherapy alone), respectively, and the reduction in mortality was 24% and 30%. For patients who received non-cisplatin-based chemotherapy plus radiation, the pooled OR at 1 year was 1.05 and at 2 years was 0.82, with a reduction in mortality of 5% and 18%, respectively. Marino et al found no significant difference in survival at three and 5 years after receiving radiotherapy alone and combined radiotherapy with chemotherapy. Similar to our results, the findings of Marino et al favor the use chemotherapy (particularly cisplatin-based chemotherapy) plus radiation. We did not evaluate long-term survival. In addition, due to the small number of studies included in our meta-analysis, we were unable to perform subgroup analysis that evaluated the efficacy of different types of chemotherapy (e.g., carboplatin-based vs paclitaxel).
Another meta-analysis evaluated the effectiveness of concurrent chemoradiotherapy with radiotherapy alone in patients with NSCLC by evaluating OS, tumor control, and treatment-related morbidity. [15] Unlike our study, which focused on patients with unresectable stage III NSCLC, the study of O'Rourke et al [16] included RCTs in patients with stage I-III NSCLC undergoing radical radiotherapy and who were randomized to receive radiotherapy alone or chemoradiotherapy administered either concurrently or sequentially. O'Rourke et al also found that the incidence of acute esophagitis, neutropenia, and anemia was greater with concurrent chemoradiotherapy compared with radiotherapy alone. Although we did not evaluate the difference in toxicity between radiation therapy and concurrent chemoradiotherapy, the included studies reported that the combination therapy had consistently a higher incidence of certain toxicities, such as grade 3-4 leukocytopenia, neutropenia, anemia, and esophagitis. [12, [26] [27] [28] The findings of increased toxicity with concurrent chemoradiotherapy highlight the importance of patient selection when considering treatment choice.
One limitation of this study is that the age range of the participants in the included studies is broad (average age, 54-77 years). Elderly patients have more comorbidities and experience more frequent life-threatening toxicity from chemotherapy that can preclude treatment completion. Studies investigating outcomes of chemoradiotherapy for NSCLC in elderly patients report conflicting results. Elderly patients in one such study appeared to gain a survival advantage from combined RT and chemotherapy compared with RT alone. [36] However, the authors noted that, as is the case with younger patients, this benefit came at the cost of additional toxicity. Similarly, Davidoff et al concluded that survival benefits associated with chemoradiotherapy in clinical trials can extend to the elderly, but that gradual strategies are beneficial to reducing mortality risk. [37] In contrast, patients over 70 years of age were identified as a subgroup with significantly lower median survival times after chemoradiotherapy for NSCLC. [38] To further complicate this debate, data describing outcomes of chemoradiotherapy for NSCLC in the elderly is limited by their under-representation in such studies, likely due to physician biases regarding the tolerability of such treatment in older patients. [39] In light of this uncertainty, the results of our study should be interpreted with caution as they relate to elderly patients.
To our knowledge, only one other meta-analysis, that of Marino et al, which was performed over 10 years ago, has specifically evaluated the benefit of radiotherapy alone compared with chemoradiotherapy in treating patients with unresectable N2 stage III NSCLC. The strength or our study is that it included only RCTs. However, our findings are limited by the small number of studies included. Also, the small sample size and the data reported in the studies precluded us from performing subgroup analyses that evaluated different treatment regimens or histological subtypes of NSCLC.
Our study is also limited by the heterogeneity of treatment regimens used in the studies. However, despite particular heterogeneity in chemotherapy regimens, the heterogeneity of OS, PFS, and ORR was low to moderate. These results suggest that the heterogeneity in chemotherapy regimens did not have a large impact on survival analysis. Further studies are needed to evaluate the effects of different chemotherapy regimens on other outcome measures such as health-related quality of life, an accurate predictor of survival [40] for which data remain scarce for NSCLC. [41] In summary, the combination of concurrent chemoradiotherapy offers greater benefit with regard to OS, PFS, and ORR than radiation therapy alone in patients with inoperable, locally advanced stage III NSCLC. However, potential toxicities associated with concurrent chemoradiotherapy warrant further investigation and more quality studies.
